Abstract-Owing to the high performance of borate crystals, they are widely used in the fields of mobile communications and other high technology. Researches on thermodynamic properties of aqueous borate systems are essential for the synthesis of borates and the comprehensive utilization of boron-containing brine resources. The calorimeter technique is a new experimental precision method for thermodynamic property measurement. The characteristics of calorimeter technique, standard molar formation enthalpies of alkalis borates and alkalis earth borates, and the thermodynamic properties of aqueous borate systems were summarized in this paper. The key problems in the study of the thermodynamic property of borates and the new trend in the future were also pointed out.
INTRODUCTION
In recent years, borates inorganic functional materials have been widely used in the high technology fields. Boron resources are mainly existed in solid boron minerals in the northeast of Liaoning, Jilin and liquid ores in salt lake brines, especially in Qinghai and Tibet [1] . Researches on thermodynamic properties are of great significance for building chemistry models of electrolyte solution with borate systems, exploiting and comprehensive utilization of boroncontaining brine resources [2] . Methods of measuring electrolyte solution thermodynamics properties mainly include isobaric method, E.M.F method and calorimetry, etc.
The change of material energy can be determined more directly, rapidly and accurately by calorimetry, compared with isobaric method and E.M.F method. The calorimetry is widely used in the research of borates, especially borates solution chemistry and thermo chemical properties [3] . In this paper, characteristics of calorimeter technique and thermodynamic properties of borates and aqueous borate systems were summarized.
II. THE CHARACTERISTICS OF CALORIMETER TECHNIQUE
Calorimeter techniques mainly include differential scanning calorimetry (DSC), adiabatic calorimetry and titration calorimetry, etc. DSC is the most widely used thermal analysis technique to measure the temperatures and heat flows associated with transition in materials as a function of time and temperature. Such measurements mainly provide the information about physical and chemical changes that involve endothermic or exothermic processes, or changes in heat capacities [4] . Calvar et al. [5] determined the thermal behavior and heat capacities of pyridinium and two imidazolium-based ionic liquids from 133.15 to 395.15 K by using DSC. In recent years, the heats of solution and heat capacities of trace liquid samples also were measured with DSC. Such as Archer et al. [6] 3 in our laboratory. The microcalorimeter has a 3D sensors with an uncertainty within ± 0.001 K and the heating rate can be controlled in 0.01~2 K·min -1 . Adiabatic calorimeter has been widely applied to measure the heat capacities of substances and thus obtain important information in many aspects such as structures and phase transitions [7] . Adiabatic calorimeter can be divided into high-temperature and low-temperature, and the low-temperature is a difficult point in the microcalorimeter analysis technique.
Titration calorimetry is a technique where one reactant is titrated into another and the temperature of the system is measured as a function of added titrant. Isothermal titration calorimetry (ITC) can measure directly the energy associated with a chemical reaction triggered by the mixing of two components, and the instrument is so sensitivity that can detect a micro heat change less than 100 nJ produced by 1 nmol biological samples. ITC has been widely applied in the research frontier of nano soft materials science, polymer or surfactant interactions, etc [8] .
III. THE THERMODYNAMIC PROPERTIES OF BORATE SYSTEMS

A. The Standard Molar Enthalpies of Formation of Alkalis Borates
In the past few decades, the calorimetry researches for alkalis borates of have been widely researched. Zhu et al. [9] , Li and Zhu [10] [11] [12] [13] , Li et al. [14] [15] It should be pointed out that majority of alkalis and alkalis earth borates, which showed in Table 1 , were synthetized in laboratory. Up to now, the sixteen kinds of natural alkalis and alkalis earth borates minerals have been contained in the Tables 1, but 
C. The Thermodynamic Properties of Aqueous Borate Systems
In the past decades, the application of calorimetry for the thermodynamic properties including heat capacities, dissolution heats and heats of dilution of borate systems has attracted great attention. Yin et al. [30] had achieved the enthalpies of dilution and the relative apparent molar enthalpies of aqueous Li 2 B 4 O 7 solutions from 0.0212 to 2.1530 mol·kg -1 at 298.15 K and further represented the thermodynamic properties of the complex aqueous solutions with a modified Pitzer ion-interaction model. Again, Zhang et al. [31] [32] The studies on thermodynamic properties of multicomponent systems including borates have been reported. Yin et al. [33] obtained the enthalpies of dilution and the relative apparent molar enthalpies for ternary systems (Li 2 B 4 O 7 +LiCl+H 2 O) at three different molar fractions of Li 2 B 4 O 7 at 298.15 K by using a microcalorimeter to derive the relationships relative apparent molar enthalpy and ionic strength. In addition, Li et al. [34] [35] [36] obtained the heats of dilution, heat capacities and relative apparent molar enthalpies of the system of MgO·nB 2 O 3 ·MgC l2 ·H 2 O (n = 1, 2, 3) at 298.15 K with the continuous dilution method by using the LK8700-1 precision calorimeter, and the data of the heat of dilution were extrapolated to infinite dilution by use of Debye-Huckel limiting law to obtain relative apparent molar enthalpies over a range of ionic strengths. Using the same method, the heats of dilution and heat capacities of the quaternary systems of (Li 2 B 4 O 7 +Li 2 SO 4 +LiCl+H 2 O), (MgB 4 O 7 +MgSO 4 +H 2 O) and their subsystems were measured at 298.15 K. The result make clear that the ionic strength I is higher or the molalities are greater, the heat capacities are smaller and the apparent molar enthalpies are greater in the aqueous solution system containing high concentrations of magnesium, lithium and borate ions. Above all, the result provides a theoretical foundation for the research of heats of dilution for multicomponent systems.
Throughout the study of thermodynamic properties of borates aqueous solution system by calorimetry, we can find that most parameters of thermodynamic properties were achieved with the calorimeter technique. The relative apparent molar enthalpies can be obtained by using DebyeHuckel limiting law and together with the relationships between the apparent molar enthalpies and molalities. However, the thermodynamic properties of borates aqueous solutions represented with a modified Pitzer ion-interaction model are yet to be further theoretical innovation.
D. The Thermodynamic Properties of the Other Borates
Gao et al. [37] , Wang et al. [38] successfully synthesized hydrated zinc borates including 4ZnO·B 2 O 3 ·H 2 O, 3ZnO·3B 2 O 3 ·3.5H 2 O and 6ZnO·5B 2 O 3 ·3H 2 O in the laboratory. All the standard molar enthalpies of formation of artificial synthesis borates were determined by using an RD496-III heat conduction microcalorimeter, which will not repeat here.
IV. CONCLUSION
Based on the rich resources containing borate and characteristics of calorimetric technique, thermodynamic properties of alkalis and alkalis earth borates and borates aqueous solution system were summarized in this paper. Up to now, thermodynamic properties of borates aqueous solution system mostly concentrated in the normal temperature and pressure, and a narrow temperature range. It is worthy of saying that the research on the thermodynamic properties of borates using calorimetry and Pitzer ioninteraction model are scarce, so there are a lot of work remains to be further explored.
